Determining network path is important for different purposes such as determination of road traffic, the average speed of vehicles, and other network analysis. One of the required input data is information about network path. Nevertheless, the data collected by the positioning systems often lead to the discrete points. Conversion of these points to the network path have become one of the challenges which different researchers, presents many ways for solving it. This study aims at investigating geometry-based methods to estimate the network paths from the obtained points and improve an existing point to curve method. To this end, some geometry-based methods have been studied and an improved method has been proposed by applying conditions on the best method after describing and illustrating weaknesses of them.
INTRODUCTION
Recently, using the positioning systems such as GPS, which is capable of determining the locations of points, is rapidly increasing. Large volumes of spatial data can be gained using these systems by spending short time and low cost (Song et al., 2010) and (Wang, 2011) . Extraction of network paths using low-accuracy data obtained by such systems is one of interest (Kasemsuppakorn et al., 2013) . Data obtained from such systems is shown as discrete points, which if connected, can be used in several studies such as in traffic to determine vehicles speed and accessing network path. Error in systems is derivation from centerline of roads and geometry of road networks resulting from cumulating roads centerline causes non-location of points exactly on network lines. Thus, extraction of networks from point set data is very important. Up to now, many studies have been conducted using different geometry-based, mathematical, and statistical methods (Scott, 1994) and (Newson et al., 2009 ).
Geometry-based methods in roads intersections and high density locations come along with some problems resulting in actual derivation. Aim of this paper is to offer algorithm and conditions to minimize errors resulting from such issues. To this end, initially three geometry-based methods available to matching points on network center line (direct line methods, point to point and point to curve) have been studied and results obtained from using them for some sets of observations are compared to the actual path. In order to assess each one of these methods, number of common line and length of the whole path estimated is compared to the actual path and finally, after investigating issues resulting in error and visual illustration of their weaknesses, an optimized method is offered.
BACKGROUND
In this section, some methods of extracting network path from observed points have been investigated.
Direct Line Method
In this method, a direct line is drawn between two points (Wentz et al., 2003) . This method demonstrates the trajectory in the simplest manner. The shorter the temporal distance between obtained points, the more exact the estimation of trajectory. Figure 1 shows trajectory of a set of observations using direct line method. 
Closest Allocation Method
This method is divided into two groups of point-to-point and point-to-curve. The total paths obtained show the final path between origin and destination points in this method. Figure 2 shows an example of weaknesses exist in this method.
Point to
In such method, there is no guarantee for encompassing all lines of actual path by the estimated path and number of lines in it is always more than the number of lines on the actual path (Timothy et al., 2012) . In fact, in very rare, ideal circumstances, this method can provide a satisfactory answer and (Zhu et al., 2006) and (Bernstein et al., 1996) . If a network arc were comprised of many vertices, points obtained around that arc would be figured correctly. Contrary, if an arc is only comprised of two vertices at the beginning and the end of a line, the points observed around that will less likely be figured on that, i.e. path divergence will occur (Quddus et al., 2007) . The total paths obtained show the final path between origin and destination points in this method.
Compared to point-to-point method, this method leads to more actual results in the most of the cases. Two obvious advantages of this method compared to point to point method are as follows:
 This method is not limited to vertices and all points located on the network lines attend the beginning of the algorithm.  Considering that all points of the observed beginning and end are not exactly located on network vertices and keep a distance from them in the point to point method, extra length along network path is to taken into account, through considering perpendicular base in the point to curve method, this extra length is omitted.
Results obtained showed that compared to other methods, point to curve is of more estimation accuracy. However, this method carries drawbacks as well, divided as follows:
 Incorrect estimation in intersections: Probability of error in intersections is high as there is no guarantee that observed points are closest to the correct arc (Fig. 3) . This method confronts more problems in intersections compared to point-topoint method (Zhu et al., 2006) and therefore, in a network with more dense lines and networks, which comprise of many intersections, this method is not recommended. . Weakness of point to curve method due to ignoring lack of connection in intersections  High density of network lines: in networks with lines of higher density, probability of error and incorrect positioning of arcs in the estimated path is higher (Fig. 5) . It should be noted that these problem is also seen in point to point method more seriously. Figure 5 . Incorrect path estimation due to high density of network lines
EVALUATION OF EXISTING METHODS
In order to assess the quality of the method reviewed in the previous sections, three classes of obtained points are modeled using these methods. The number of points and lines common to actual paths was calculated for each case in each method. Results of these evaluations are presented in Table 1 to Table 3 . Table 3 . Results obtained from point to curve method Considering the drawbacks and the results obtained by the evaluation, it is necessary to improve the efficiency of these methods by applying geometrical conditions.
PROPOSED METHODOLOGY
In order to solve the drawbacks of existing point to curve method (which is shown that is the best geometry-based method), an improvement is proposed in this study.
The following conditions are considered in this method for locating an arc on the path. a) A buffer around path estimated by direct line method is considered having distance L (Fig. 6) . Network lines are considered as a part of final estimated path, only if they are located inside polygon resulting from buffer. This condition is shown as the following algorithm (Fig. 7) and lines available at the shortest path between each two consecutive point are filtered. In order to choose the best value for L, as length of path estimated by direct line method is much closer to the real length of path (Timothy et al., 2012) , length of path can be measured for different values of L. finally it would be possible to choose L, considering length of estimated path, is of less difference to the length estimated by direct line.
b) In the above algorithm, if the closest line between Oi-1, Oi+1 is on a single arc, then line corresponds to Oi must be on the same arc. c) Line or a series of consecutive lines should not be repeated on the final path in reciprocating manner. Such consecutive lines are often results of path derivation from intersection of more than two roads and lack of connections in intersections.
Results of applying the mentioned condition on point to curve method are offered in Table 5 . Table 5 . Assessing results by proposed conditions It is only in rare cases that are extraordinarily high density of network lines would be a little out of the way.
CONCLUSION
Determining network path from points is an issue extensively investigated in many studies. Among different methods, this study addressed results obtained from three geometry-based methods. It is evident that such methods along with such setbacks as path derivation in intersections, non-connection of lines in locations and decrease in network accuracy in high-density locations. Available methods for solving such issues are often complicated due to mathematical and statistical base. Therefore, this study uses a fully geometric method to determine network path. Results obtained from these methods showed that point to curve method is more functional. Thus, this method was considered as the basis of study and its setbacks were mitigated through applying conditions and suggested algorithms. Results obtained showed that restricting areas of lines attended the estimated path and applying such conditions as non-existence of arcs in a reciprocating manner along the path, path derivation is minimized. Find next closest line to Oi
Repeat the algorithm for Oi+1
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-2/W3, 2014 The 1st ISPRS International Conference on Geospatial Information Research, 15-17 November 2014, Tehran, Iran 
